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STUDIES 0? PQLYKSR ASSOCIATION IN MIX2D SOLVENTS 

Dy 

Riad H. Ocbran and Herbert Morawetz 
Institute of Polymer Research, Polytechnic Institute of Brooklyn 

Association of small molecules and of polymers. 

Molecular association in solution Is a fairly common phenom- 

enon, but accurate deta about the equilibria have been obtained 

In comparatively fete cases.  The dlmerlzatlon of carboxyllc acids 

In non-polar solvents haB probably b°en studied most extensivelyt 

and an exhaustive nummary of th^ results Was published recently . 

Th° association of hydroxyllc compounds Is somewhat weaker, but 

th^ f'lnerlzatlon equilibrium can be studied conveniently by 

cryosooplc measurements . 

While the above associations d^nfl on hydrogen bonding, the 

association complex between e.g. anthracene and trlnltrobenzene 

Is due to the polarization of electrons In the aromatic ring 

system by the dlpoles of th° nltro groups .  Of a different type 

Is the widespread occurrence of micelles containing a critical 

number of Ions associated In a single kinetic unit existing In 

equilibrium with molecularly dispersed Ions. 

It Is not surprising, that th^ same forces responsible for 

the esnooletlon of small molecule*? pro^uoe also association 

CnirmloTes   of   polymorR...       Thlfi    n^eountfi    for   the   .^opeyirlenoe    of    the 

osmotic or light scattering molecular weights of some polymers 

on solvent medium and temperature *J*     .  In th° case nf polyvlnyl 
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w     chloride, there Is undoubtedly a close relationship between its 

I 
molecular association and thQ remarkable mechanical properties 

7 of the plastialzHd polymer . 

The surprising- feature of th^se polymer associations Is 

the apparent constancy In the siz« <",*  the molecular aggregates 

over a wide «an^e of solution ooneentratioru  in this respect 

the polymer aggregates behave like s- kp  micelles, with the 

"critical micelle concentration" ($•<-> Lhe concentration of 

incipient micella formation) epperenly well bQlow the lowest 

M 

conoantrati r.n at which ftn^otiOL,   or even li#hi scattering 

E 
i 
i 

i 
measurements ar~ feasible.  The form: ^on of micelles has be«n 

8 interpreted  convincingly by Debye's theory    as due to  the Van 
[ 

der Waals forces,   which favor th« clustering- of the hydrophoblc 

"tails"   of the   soap  lorig Prifl   tn^  increasine: electrostatic work 
I 

required  to add  a "further unit  to pi  growing micelle,     Th = f-ep 
I ' '     " 

energy of the  system goes through P  sharp minimum for a arlven 

number of ions associated   in  tha micellesf   and  tMs explains 

the narrow distribution of th^ir  sises.     it  is obvious,   that 

this general reasoning is  inapplicable,   for example,   to the 

association of polystyrene containing- a  few hydroxyl groups 

in t~lu-n^  solution or a methyl methaeryipte-methacrylio acifl 

copelymer in benzene. 

S i-'"n e r- i o a 1  a KKT e era t e s 

To  illustrate  th« problem,   let us  assume  that  a flexible 

coil molecule containing n  large nuub^r of carboxyl groups may 

i "e represented  by a  sphere,   with all carboxyls  in  the   interior 

-   2 
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1 of th<=»  sph~r° dlmerlzed by 

-c      )c- 
\      / OH Q 

and only th*- oarboxyls on the surface of the coll In th° fr^o 

stBfc*.  wh.^n the polymers associate, the aggregate Is assumed 

to be sccaln spherical, with th^ same density as that of the 

unaasoclated macroraoleoule.  Per D molecules forming an aggrc- 
2/1 

get", the aurfeoe area of the complex will be D   times the 

surface of an InolPted coll, an^ th« Rurfec° aron p«r raacro- 

molecule will b~ chant-^ bv a factor n~       ,  Thus, If HG in 
i 

th^  enthalpy of  th° unRssoclet^fl  oolymer mol«oul^F,   th*> 

H.>uonflpnce   nf   ^nfcbelny   M  on   th~   d~~r--    ~f   Snra»*»C.i»ttS«.ij   Z   its 

*%>-- T~
D (1) 

I 
According to th^ Plory-Hugglns theory '  the entropy of 

mixing of polymer and solvent Is giv^n approximately by 

AS «* -R.^NjlnJ*! + N8ln0a^ (2) 

where R is th» gas constant, N the number of molecules, 0  the 

volume fraction, the indices 1 r«d 2 referring to solvent and 

polymer respectively.  As the polymer forms aggregates, the 

volume fractions remain flx^d but th^ runb-r r.f  Independent 

• polymer particles decreases, so thnt 
* 

AS - R -^Nxln^ • p* ln/a j-        (') 

- 1 - 
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smd   the entropy change with degree of association  Is 

a3An * BN.lnilt.D"2 <*) 

ThA rar.n of change of fre*» energy with degree of 

association  Is then giv^n   oy 
• 

f -|f * -^(H-TS)   « - f* D"^/3-RTN8in^aD**2 (5) 

> p 
For association to occur, /^n    must be negative  for f) » 1, 

or, 

2& >  - RTNfcln^, (6) 

It is apparent, that   /JD "i11 then be negative 

for all values of D ^ 1, Thus the model used leads to the 

coiiuiusion, that once started, polycsr association will 

ccr.tinue without limit, lTe. to gelation of th*» system, 

"Pqarl necklace model" of polymer aggregates. 

This conclusion Is dearly contrary to experimental 

evidence, which Indicates that although g«L«tlon may occur 

below a critical temperature, above this temperature the 

polymers associate to complexes of p size determined by tempera- 

ture and solvent medium, but Insensitive to concen ntion. This 

behavior can only be explained by assuming, that du° to sterlo 

factors and lntramoi°culer association, th*=> "effective 

functionality" ui   fch° polymers, i,e,, th»=* ni»an number of groups 

available for lntor-mol«cular association, Is smaller than 2. 

Th° model of the association complex oa*, th°n b« represented 

- 4 - 



schematically as follows: 

00000 
Th» two terminal molecules are linked to one neighbor, 

whli» all others are linked twice. The mean effective func- 

tionality f0 Is related to the number of molecules In the com- 

plex D0 by 
2+2(Dn-2)       Dn-1 

fo«  5^  •  2-TT" (?) 

It can easily be verified, that the sam* result Is 

obtained If the aggregate has a branched structure, provided 

only that no closed loops aro present, 

Polvtnor aggregates In ralxeJ aolv^iitB 

If r. L^wls bas^. Is added to th~ solution of a polymer 

oontelnlng carboxyl groups, a certain frnctlrm of th>^ cerboxyls 

will essoclet^ with th^ bps- Pnd th<-> number of groups available 

for lnt^r-polyni^r association will d°cr°°se. This will cnua" 

a reduction in fh*  epp^r^nt Bsol~culnr w^irh* .-if th~ polymer. 

Th° association equilibrium of acid A an* bese B is glv°n by 

uM  'K (8) 

and th« ratio of th° total concentration of acid groups to the 

concentration of acl* groups remaining fr«rt in th° pr°sence of 

added  baa^ is 

LA&I^IAJ c x + K(B) (9) 

It Is reasonable to postulnt0, that the effective 

funo lonallty f of the polymer In a solution containing base 

- 5 - 



will bear th° seme relation to the functionality f In the 

absence of bsse as the concentration cf acid groups unassoclat- 

ed with th - base to th« total acid group concentration.  Utiliz- 

ing equation (7) HIJU (9) 

lE.M.^MljAl.^KlB) (10) 
f   D-l   Do     (A) 

Thus, the dependence of the degree of association on 

th^ concentration of ed^ed base should yield information from 

which the association ^onstent K can b~ calculated. 

ttxnerlnental Results 

In a previous publleetl'^n thrt molecular assnclotions 

w?rp iri7°stl«rat°d for mixture*? of methyl methacrylate copolymers 

with "i^thecryllc acid *n^ dlmethylemlroothyl methacrylete, 

respectively ,  It ws found, th^t easooietlon of th^ acid 

oopolym^r competes stroncrly vrlth thc- eerboxyl-amln0 Inter- 

action. Also, th-"1 Importance of eny carboxyl association with 

the ••ster groups of the copolymers was quit0 uncertain. 

T-> determine the relative contributions of the 

different types cf association tr- th° formation -->f th<^ polymer 

aggregates, the eppnrent osmotic molecular weight of a methyl 

m«thecryl8te-methacryllc acl^ copolym^r In benzene solution was 

mf»c;sured ns r. function of ad den nimothylamlnoethyl aotat-^ 

(DAKA), ethyl acetat«, acetic acid an- uutanon«. Th~ copelymer 

contelne^ i|t9 mole '%  m^th»oryllc acid (r'etermlne^ by tltratlon 

with sodium ethoxld• > in 90 volume £ benzene end 10 volume % 

- 6 - 



« **th".v.ol)  ^nn ivf» number average molecular weight (measured in 

pyrldine .olulio*1, wh°re polymer association cannot take place) 

was 3^*, 50.;. Thfc% osnotic pressure measurement* were carried out 

as describe previously  at a temperature of 29.8°C.  In 

benzene solution, the floerr^c-  of association D0 was x -^und to b^ 

6.86. 

Th^ results obtained r*r^  listed In Table 1 an^ 

plotted in Figure 1.  Dlmethylamlnoethyl ac°tnt° an* ethyl 

pc°tat° addition reduce* tb° flp>prr°° of pspocl^tion of the 

polymer in th° °*p°2ta^ mcnror, an* th» slopes of the plots of 

(D0-1)D/(TV1)D0 atralnst (B) l"a^ to association constants of 

56 liters/mole an* ft.*7 lltors/mole respectively.  Butpnore was 

relatively inefficient in reducing the ^e^ree of polymer 

1 association, thirty tlm^s as much of it b^intr r~-auirort to 

product th^ same pff^ct as methyl ac°tPt°.  While tha ester 

carbonyl would be ^xp^ct0^ to b--> noro basic than the carbonyl 

of th~ k-tone, the magnitude of this difference is surprising. 

Th^ interpretation of flata obtained in solutions to 

which acetic aci^ was added is rcor« complex.  Th*-- aclo" is 

largely dlmerized, but th° mcrionprlc form is chiefly r-^spons- 
1 

lble for any Interaction with th° polymer.  Th-> ^IssoclPtion 

constant of poetic acl* ^lm^r in benzene at 29.8°C. was 

e«3tlmpter' from publisher *Pt«   to be 6.6 y 10""'* moleg/iiter. 

and the values of (B) us^ In. Figure 1 r°fnr to the oaloulPt°* 

1 concentrations of the rnonomorlo acl*.  It can be Ro°n th^t tb° 

plot of (Dr.-1)D/(D-1)D0 aecalnst (P) la strongly curved in this 

- 7 - 



oaso.     This is  ascribed  to  the  fact,   that  th^ monoraorlc acetic 

nciri  associates both with carboxyl  rr.^  with ^st^r groups of 

th^ p-ilym^r.     In a^iM^n,   th° possibility cannct be  oxolu^e* 

thnt th«>ra  1<*  son" hy^rop^n borxMnR" of carboxyl with  th° 

ac~fcio p.ci-  nin-,cr. 

Concl union 

It  is  conclu^r*,   thnt  in th°  acl*  copoly«i«r us0*   in 

this an*  th« previous  invest lent ion      most  of  ch^ aggregation 

is *ue  to carboxyl-ost^r association.     Also,   sine0  the cnrboxyl 

nmixj'' ussi-ointinn  constant  is  only 1?  tlnos a? high as  the 

association  constant of cnrboxyl with °stor ; roups,   a n^th- 

acrylate copolymer containing 5 mole % of amir"  groups woul* 

owe  som^whnt mor« of  its association with a  c-rboxylic polymer 

to carbcxyl-est«r  th^n  to carboxyl-arnlne   Interaction.     Tho 

method   outlln°vi   is  b°ll >voi  to  b°  a  useful  tool  in  rietormlnlnc; 

a  variety of nss^clPtion constants,   with a possible  b~arlne: 

on  thp  tb^ry  -f polymer  solubility an*  plastlclzation     . 

,  8 - 



TABLE 1. 

Association of methyl  mf>thaorylfi.t°-rvathflcryllc acl^  copolvn^r 
In bTizqr.--  ?,t  29-.flori   \r\ th<> pr°g"nc° of varlouc a-^ltlvos. 

ii/ldltlV^ (B) D 
Dp. 
D- 
-1   D 
-1  D 

DAEA 
DAEA 
DAEA 
DAEA 

0.0062 
0.0124 
0.0186 
0.0310 

3.62 
1.82 
1.52 
1.30 

1.18 
1.89 
2.50 
3.70 

Methyl acetate 
MothyD acetate 
Methyl acetate 

0.012 
C.021 
0.042 

< Kb, 

4.22 
2.Q8 

1.04 
1.12 
1.28 

Butanone 0.553 4.23 1.12 

Acetic Aolfl  ' 
Aortic Acl^ 
Aortic Aclo" 
beetle Acl* 

0.0213 
0,0303 
0.0375 
0.0480 

5.96 
3.84 
2.00 
1.44 

1.03 
1.15 
1.30 
2.80 

o 

(*) 
Concentrations   In monoti^rlc 

aostlc acl^. 

- 9 - 
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EFFECT  OF ADDITIVES  ON  THE  DEGREE  OF ASSOCIATION 

OF   METHYL    METHACRYLATE- METHACRYLIC    ACID   CO- 
POLYMER   IN  BENZENE. 

4r 

(CH3)2NC2H4 0COCH, 

o|o° 
pCH3COOH 

I o 
O 

l 
o 

0.02 0.04 

MOLALITY OF  H-BONDING REAGENT 

CH3C00CH, 

0.06 
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